ABSTRACT
ical agents have been recommended to increase the bond strength between the luting composite and the old composite restoration [1] . Mechanical surface preparation methods include sandblasting and surface roughening by diamond bur [3] [4] . Chemical methods include prolonged phosphoric acid etching, hydrofluoric acid etching, and silanation. A previous study showed that the type of bracket is more important than the type of bonding agent to increase the bond strength of bracket to composite resin [4] . However, no consensus has been reached on a specific protocol for this purpose [3] . Recently, universal or multi-mode adhesives were introduced to the dental market. They can be used in both self-etch and etch and rinse modes [5] .
The manufacturers claim that these new adhesives can bond to different substrates including the enamel, dentin, composite, amalgam, and porcelain [5] .
Some modifications have been made in the chemical formulation of these adhesives compared to previous generations, which necessitate further studies on their bonding properties. These adhesives may have the potential to increase the bond strength of orthodontic brackets to composite resin and it would be highly desirable if we could obtain adequate bracketcomposite bond strength by use of these adhesives without the need for roughening the surface by bur since roughening of anterior composite restorations may compromise esthetics. Thus, this study sought to assess the shear bond strength of orthodontic brackets using a universal adhesive to composite resin with and without surface roughening by bur in comparison with a conventional adhesive.
Materials and Method
A total of 45 composite discs measuring 6 mm in diameter and 4 mm in thickness were fabricated of Point 4 (Kerr, Italy) composite. The discs were assigned to three groups of 15 including group 1 with application of Scotchbond Universal(3M-ESPE, Seefeld, Germany) adhesive without surface preparation, group 2 with application of Scotchbond Universal adhesive following surface roughening by diamond bur, and group 3with application of Single Bond 2(3M ESPE, Conway, USA) conventional adhesive following surface roughening by diamond bur.
The surface of the discs in groups 2 and 3 was roughened by a long fissure diamond bur (863 Grit, Drendell and Zweilling, Berlin, Germany). The surface of the discs was swiped by high-speed bur three times under water coolant. A new diamond bur was used for every five discs. The discs were then etched with 37% phosphoric acid for 15 seconds, rinsed with water spray for 30 seconds and dried with air spray for 30 seconds.
Then, in groups 1 and 2, Scotchbond Universal adhesive was applied in one layer on the surface by a micro-brush and rubbed for 20 seconds, air sprayed for 5 seconds and light cured for 10 seconds using a light curing unit (Optilux 50; Kerr, Danbury, CT, USA) with a light intensity of 650 mW/cm 2 .
In the group 3, Single Bond 2 conventional adhesive was applied in two layers on the surface by a micro-brush and rubbed for 20 seconds, air sprayed for 5 seconds and light cured for 10 seconds using the same light curing unit with a light intensity of 650 mW/cm 2 .
Mandibular central incisor brackets (American
Orthodontics, California, USA) were bonded to the surface of the discs by the same operator. Transbond To assess the mode of failure, the discs were evaluated under a stereomicroscope (ZSX9; Olympus, Tokyo, Japan) and the adhesive remnant index (ARI) score was determined according to the method suggested by Bergland and Artun [6] . The scores, defined in this method, include score 0(no adhesive remaining on the surface), score 1 (less than 50% of adhesive remaining on the surface), score 2 (more than 50% of adhesive remaining on the surface), score 3 (the entire surface coated with adhesive and score), and score 4 (surface fracture) [6] .
Statistical analysis
Data were analyzed using SPSS version 18. One-way ANOVA was applied to compare the shear-bond strength values among the three groups. The Kruskal
Wallis test was applied to compare the mode of failure and ARI scores among the three groups.
Results
This study assessed the bracket bond strength to composite restorations in use of a conventional and a universal adhesive. The effect of surface roughening by bur on bond strength of universal adhesive to composite was also evaluated. Since the shear bond strength values in the three groups had normal distribution (p> 0.05), the assumption of homogeneity of variances was met (p= 0.24).
One-way ANOVA was applied to compare the mean bond strength among the three groups and showed that the three groups were not significantly different in this respect (p= 0.94). Table 2 shows the ARI scores in the three groups. The Kruskal Wallis test showed that the three groups were not significantly different in ARI scores (p= 0.71).
Discussion
In contemporary orthodontics, clinicians may need to bond the brackets not only to the enamel, but also to different restorative materials such as composite resins, amalgam, and porcelain as the result of the increasing demand of adult patients for orthodontic treatment [1] . Thus, increasing the bracket bond strength to composite surfaces with minimal surface modifications has been among the main research topics in the recent years.
Viwattanatipa et al. [7] assessed the bond strength of orthodontic appliances to five different composite resin restorations including flowable, packable, hybrid, and nanofilled composite resins and found that the same bonding protocol resulted in significant differences in bond strength, ranging from 6.9
MPa for nanofilled to 12. Lai et al. [4] evaluated the role of type of bracket in increasing the bond strength of orthodontic brackets to composite resin and concluded that type of bracket was more imperative than type of adhesive in this respect. Eslamian et al. [9] reported that the shear bond strength of ceramic brackets is significantly higher than that of metal brackets. In the current study, we us- would be impossible to achieve [10] [11] . Therefore, several techniques were suggested to increase the bond strength of orthodontic brackets to the existing composite restorations [12] .
Mechanical surface preparation methods include sandblasting and surface roughening by diamond bur [3, 13] . Evidence shows that diamond bur and air abrasion are both effective for increasing the bond strength [3, 9, 12, [14] [15] [16] . Bayram et al. [14] reported that the Riberio et al. [17] concluded that surface roughening of composite is the most efficient method for increasing the bracket bond strength. Eslamian et al. [3] measured the bond strength of metal brackets to composite surfaces in three groups with different surface treatments. They concluded that composite surface roughening by bur is the most efficient and costeffective modality for increasing the bond strength. In the current study, composite surface roughening by diamond bur was performed to increase the bond strength in two groups.
Although effective, surface preparation by diamond bur or air abrasion has disadvantages as well. It is also believed that silanation is an effective adhesion promoter for bonding to porcelain surfaces. However, its efficacy for effective bonding to old composite resin restorations is still a matter of debate [19] .
Eslamian et al. [1] evaluated the effect of composite surface preparation with and without silane and found that use of silane had no positive effect on bond strength of bracket to composite resin. Similarly, Brosh et al. [18] found no significant difference in use and no use of silane. Therefore, no silanation was performed in the present study.
Thermocycling is often performed in vitro to simulate aging [20] . Thermocycling simulates the thermal changes that occur in the oral environment. Intraoral temperature may fluctuate from 0 to 65°C [21] . We performed 500 thermal cycles between 5 to 55°C after bracket bonding according to the recommendations of the international organization for standardization (IOS) for testing of bond strength to tooth structure [25] . The same protocol has been used in many previous studies [7, 9, 12, 16] . Hellak et al. [29] , all surfaces had been sandblasted while in our study, the bond strength of universal adhesive was also measured to surfaces with no preparation, which showed no significant difference with the bond strength to prepared surfaces. The ARI is used to classify the location of the bond failure [6] . This can determine the risk of damage to the composite surface during debonding. Bond failure at the bracket-adhesive interface (scores 3) requires more adhesive removal following bracket debonding, whereas, bond failure at the restorationadhesive interface (score 0) requires less adhesive removal. Some authors prefer adhesive failure at the bracket-adhesive interface, since it minimizes the risk of tooth or restoration surface fracture [33] .
Regardless of the mode of failure, incidence of fracture of the composite resin restoration surface upon bracket removal is highly important since fracture of the restoration surface is undesirable.
The most common mode of bond failure in all groups in our study was found to be surface fracture 
